Introduction
More than five hundred heart transplants (HTx) in children (<18 years age) had been performed every year in the world since 2008 [1] . Despite the excellent long-term survival currently achieved in children who underwent HTx, the immunosuppressive medications required to prevent allograft rejection throughout his or her life may cause significant morbidity and mortality, such as malignancy, renal dysfunction, hypertension, hyperlipidemia, and diabetes mellitus. Although most malignancies in adults are skin cancers [2] , almost all malignancies are posttransplant lymphoproliferative disorders (PTLD) in children [1] . PTLD is counted as the cause of death in 2.0%, 3.3%, 4.1%, 8.4%, and 8.2% of cases in the period from 31 days to 1 year, <1-3 years, <3-5 years, <5-10 years, and >10 years after HTx, respectively [1] .
PTLD has a wide spectrum of disease manifestations, ranging from a benign plasmacytic hyperplasia and infectious mononucleosis-like PTLD (so called early lesion) to an aggressive monoclonal lymphoma (such as Burkitt lymphoma) that can be fatal [3] . Timely and accurate diagnosis based on histological examination of biopsy tissue is essential for early intervention [3] . Chemotherapy is indicated for patients with poor response to reduction of immunosuppressive medication and for highly aggressive monomorphic PTLD. The use of rituximab in combination with chemotherapy is effective. However, B cell type PTLDs (B-PTLDs) are sometimes associated with life-threatening complications, such as intestinal perforation [4] and cardiogenic shock due to cytokine release syndrome [5] [6] [7] after or during chemotherapy combined with rituximab.
In this paper, a representative pediatric case with lifethreatening complications during the treatment of PTLD 2 ISRN Transplantation after HTx is described and therapeutic strategies for these complications are discussed.
Representative Case Report

Polymorphic B-PTLD (Diffuse Large B-Cell Lymphoma) with Intestinal Perforation and Cardiogenic Shock after
Chemotherapy Combined with Rituximab. A 33-month-old boy underwent successful HTx for bilateral ventricular failure after several surgical interventions for congenital complex cardiac anomaly (bilateral pulmonary banding, Rastelli operation, and truncal valve replacement) in July 2011. He received cyclosporine (CsA), mycophenolate mofetil (MMF), and rabbit antithymocyte globulin (RATG) for posttransplant immunosuppression. He was Epstein-Barr-virus-(EBV-) seronegative before transplant (antivirus capsid antigen immunoglobulin (VCA-IgG): <10-fold) and his donor was EBV seropositive. As he experienced acute cellular rejection by echocardiography in December 2011, CsA was converted to tacrolimus (Tac). As he was a case of everolimus (EVL) study protocol, MMF was converted to EVL at the same time. He remained EBV seronegative in February 2012. Scheduled endomyocardial biopsy obtained in July 2012 revealed no acute rejection in the cardiac graft.
On July 17, 2012, at 45 months of age and 12 months after transplant, he had a high fever and a rash in bilateral hands on the next day. After administration of antibiotics his temperature dropped down, but he had a recurrent high fever on 22th and diarrhea on 25th and was admitted on 30th in Kyushu University Hospital. He received ganciclovir (GCV) and valganciclovir (VGCV) and intravenous immunoglobulin (IVIG) with high titer of antibodies against EBV to prevent the development of PTLD but still had a high fever. His EBV antibody titer for VCA-IgG became positive (160-fold) and EBV titer was increased to 5 × 10 3 copies/10 6 WBCs at that time.
Although Tac was converted to MMF, he still had a high fever and was transferred to our hospital on 8th August. A biopsy of the neck lymph node established a diagnosis of polymorphic PTLD, diffuse large B-cell lymphoma (DLBL). Immunoblasts were CD20+, CD79a+, and CD3−. CD3+ cells were also observed. In situ hybridization for EBV early RNA (EBER) showed reactivity in lymphoid cells. Conventional cytogenetic analysis revealed 46, XY, t(4;14)(q31;q32). At this point, EBV titer was increased to 3.3 × 10 4 copies/10 6 white blood cell counts (WBCs). EBV antibody titers for VCA-IgG were 320-fold. Laboratory studies showed a white blood cell (WBC) count of 4,390/mm 3 , hemoglobin 12.5 g/dL, C-reactive protein (CRP) 9.8 ng/mL, lactate dehydrogenase (LDH) 1,831 IU/L, aspartate transaminase (AST) 77 IU/L, alanine transaminase (ALT) 7 IU/L, urea nitrogen 6 mg/dL, uric acid 3.7 mg/dL, serum creatinine 0.29 mg/dL, soluble interleukin-2 receptor (sIL-2R) level 11,289 U/mL, and brain natriuretic peptide (BNP) 46 pg/mL. 18 F-fluorodeoxyglucose (FDG) positron emission tomography-CT (PET/CT) in the present case showed high uptake in almost all small intestine. Metabolic tumor volume was estimated to be very high.
was extremely high, a chemotherapy regimen (rituximab combined with cyclophosphamide, adriamycin, vincristine, and prednisone; R-CHOP) for DLBL seemed to be too toxic for him. Therefore, he received rituximab (375 mg/m 2 ) on 13th and only a half dose of vincristine (0.5 mg) on 18th. However, he had hemodynamic shock, a high fever, and abdominal pain. Abdominal X-ray revealed free air in his peritoneal cavity. He had undergone surgery because of acute abdomen on August 19. At laparotomy, multiple perforations approximately 20 cm from the Treitz ligament to the ileum end and multiple mesenteric lymph node swellings were observed. As he had received EVL and almost total small intestine were involved, primary closures were performed on several apparent perforated regions and ulcerative lesions and a jejunostomy was made anally 10 cm from the Treiz ligament.
As he could not take any oral medication, he received anti-IL2R antibody, basiliximab (5 mg), and high dose predonisolone (PRD) (20 mg/day) intravenously. Daily echocardiography revealed progressed bilateral ventricular dysfunction and he required a dobutamine (DOB) infusion in a dose of 5.4 mcg/kg/min. A left ventricular (LV) ejection fraction (EF) measured on August 21 was 22%, but no echocardiographic findings suggesting allograft rejection such as increased LV wall thickness or pericardial effusion were observed. Laboratory studies at this time showed a WBC count of 2,820/mm 3 , hemoglobin 11.0 g/dL, CRP 26.6 ng/mL, LDH 1,450 IU/L, AST 390 IU/L, ALT 96 IU/L, urea nitrogen 24 mg/dL, uric acid 3.0 mg/dL, serum creatinine 0.54 mg/dL, sIL-2R level 1,943 U/mL, and BNP 2,866 pg/mL. Therefore, we thought that cytokine or toxin release from the apoptotic tumor cells and a higher tumor burden as well as intestinal perforation lead to left ventricular dysfunction resulting in cardiogenic shock. His plasma was replaced by 1,200 mL of fresh frozen plasma (FFP) on 21st, 22nd, and 23rd in order to reduce released cytokines and/or toxins. LVEF rapidly increased to 55% and DOB infusion was discontinued on 27th.
A drip infusion of cytarabine (150 mg/m 2 /day) was given from August 27th to September 2nd. Immunosuppressive therapy with intravenous CsA was started on 4th September to maintain trough levels at 60-80 ng/mL with intravenous PRD (20 mg/day). Although rituximab (375 mg/m 2 ) was given on September 7th, no decrease in LVEF was observed probably because tumor volume was already reduced by the first chemotherapy with rituximab and vincristine. Cyclophosphamide was given on 25th. On October 2nd, a dose of CsA was increased to maintain trough levels at 80-120 ng/mL with reduction in a dose of intravenous PRD (10 mg/day). He just received final course of chemotherapy and showed no signs of symptoms of remission of PTLD, intestinal perforation or acute allograft rejection 7 months following intestinal perforation and cardiogenic shock due to the first dose of chemotherapy.
Incidence of PTLD
The incidence of PTLD after solid organ transplantation is markedly different in children as compared to adults and also varies according to the type of organ transplant because of differences in the intensity of immunosuppressive regimens used [3, 9, 10] . In adults, kidney recipients have the lowest frequency of PTLD (1%-2%); liver recipients have a slightly higher incidence (1%-3%), followed by adult heart recipients (1%-6%) [1, [10] [11] [12] [13] [14] , heart-lung recipients (2%-6%), and lung recipients (4-10%) [1, 10, 13] ; and small bowel recipients have the highest incidence (up to 20%) [10] . Children have 2 to 3-fold incidence of PTLD compared to adults: 1%-10% in kidney transplants; 4%-15% in liver transplants, and 6%-20% in lung, heart, and heart-lung transplants [15] . Differences according to transplanted organs are primarily due to the varying level of immunosuppression. The higher incidence of PTLD following lung and small intestine transplantation can be attributed to aggressive immunosuppression and the presence of preexisting lymphoid tissue in these organs, which is transferred to the recipient, increasing the probability of EBV infection [16, 17] .
PTLD may develop at any time following organ transplantation; however, its risk is highest during the first year. Accordingly, early and late forms can be distinguished, with different therapeutic response and prognosis. The incidence decreases with time after the first year [9] . Early development of PTLD is characteristic for heart and lung transplantation, with nearly half of the cases appearing in the first year. However, only 20% of PTLD cases have an early manifestation in kidney transplanted patients. This difference is due to higher dose immunosuppression and induction treatment following heart and lung transplantation [17, 18] .
There was a linear decrease in freedom from malignancy from time of pediatric HTx with 16% of patients having developed a malignancy by 15 years, according to the report from the International Society for Heart and Lung Transplantation [1] . According to a multi-institutional study [14] of 3170 pediatric primary HTx between 1993 and 2009 at 35 institutions in Pediatric Heart Transplant Study (PHTS), overall freedom from PTLD was 98.5% at 1 year, 94% at 5 years and 90% at 10 years. As the PHTS showed that 147 of 151 reported malignancy events were classified PTLD, almost all malignancies were PTLD in children [1, 14] . Cumulative prevalence of PTLD in survivors was 1.7%, 4.9%, and 7.8% at 1, 5, and 10 years after HTx, respectively [1] . An early phase of peak risk was recorded at around 6 months, followed by a continuous slow decrease in risk, but without ever reaching zero. In contrast, in hematopoietic stem cell transplantation (HSCT) recipients, the onset of PTLD is earlier: within 6 months (median 70-90 days) [19] . Cumulative prevalence of PTLD in HTx survivors in children (7.8%) was higher than that in adults (2.0%) [1] . The higher incidence of PTLD in pediatric recipients is mainly attributed to the development of primary EBV infection after transplantation.
The PHTS reported that the overall risk for PTLD declined in the most recent transplant era (2001-2009, = 0.003) [14] . As has been observed in previous publications [17, 20] , there has been a clear improvement in outcomes over time since 1993. The reasons for the reduction in PTLD are not known and are not explained by this study. Of note, there has been increased use of induction therapy in children in recent years [21] , and rejection rates have fallen [20] . However, this has not been accompanied by an increased risk of PTLD. Indeed, this PHTS data showed the opposite. The routine use of viral load monitoring by PCR in the recent era has led many centers to adjust immunosuppression when primary EBV infection is first identified [22, 23] . This may have led to prevention of progression of primary EBV infection to symptomatic disease and PTLD. This hypothesis requires testing in prospective clinical trials.
Risk Factors
4.1. Recipient Age. Recipient age is a risk factor for PTLD [1, 14] . Freedom from PTLD was lowest in children (ages 1 to <10 years) versus infants (<1 year) and adolescents (10 to <18 years) with children at highest risk for PTLD with a relative risk of 2.4 compared to infants and 1.7 compared to adolescents [14] . The mechanisms for the age-related effects are not entirely clear. The decreased susceptibility of infants and adolescents relative to young children could be attributed to maternal protection and an increasingly competent immune system, respectively. The potential effect of maternal protection can be clearly seen in the EBV serology as a function of age at the time of transplant. The proportion of infants testing EBV+ (65%) approaches that of adults, strongly suggesting that the detected EBVspecific antibodies are a result of maternal to fetal transfer. These antibodies have a limited half-life, and therefore it would be expected that these passively transferred protective antibodies would wane over a period of months. This corresponds with increasing susceptibility to PTLD observed in patients transplanted 6-9 months after birth.
Allograft Rejection.
A higher frequency of transplant rejection is another risk factor for PTLD [10] . This may be related to the increased immunosuppression needed to treat allograft rejection.
EBV Status and Viral
Load. EBV status mismatch between recipient and donor (seronegative recipient with seropositive donor) is associated with the development of PTLD. It has been reported that pretransplant EBVseronegative status was significantly ( = 0.001) more frequent in patients with PTLD (6 of 12, 50%) as compared to those without PTLD (11 of 50, 18%) [24] . The PHTS also reported that positive donor EBV status was a strong risk factor for PTLD in the seronegative recipients, but that risk magnitude was dependent on recipient age at the time of HTx. Nearly 25% of EBV seronegative recipients of seropositive donors at ages 4-7 years at HTx developed some form of PTLD [14] . It seems likely that immunological maturation (whether related to antibody, CTL, or other protective immune responses) may play an important role in protection of the older seronegative recipient of the seropositive donor. The apparent protective effect of very young age compared to children suggests that EBV-specific antibodies (including those transferred from the mother) may play a role in the avoidance of PTLD and lends credence to the concept that passive administration of anti-EBV antibody to the recipient could potentially protect against PTLD, though this has not yet been proven in prospective human clinical trials [25] .
B-PTLD occurring early after transplantation is often associated with high EBV viral loads in peripheral blood samples and these high viral loads often precede clinical symptoms. Green et al. [26] used a preemptive protocol based on EBV PCR threshold surveillance, which led to a decrease of PTLD incidence from 46% to 16% in pediatric intestine recipients. They used a threshold of ≥200 genome copies/10 5 lymphocytes in EBV-seropositive children and ≥40 genome copies/10 5 lymphocytes in pre-transplant EBV-seronegative children. A chronic high viral load state with the presence >16,000 genome copies/mL whole blood was reported to be a predictor of de novo or recurrent PTLD after pediatric HTx [27] . Thus, EBV serostatus and monitoring EBV viral load are essential for suspecting PTLD and its early management.
Elevated EBV viral loads without clinical symptoms do not seem to be specific for the development of PTLD; EBV viral loads alone cannot be used to identify individual patients who develop PTLD [28] . It must also be noted that EBV-associated PTLD has been described in patients with low or undetectable EBV viral loads [29] . PTLD arises, to a large part, as a consequence of immunosuppression necessary to prevent allograft rejection.
Immunosuppressive Regimen.
Although an increased risk for PTLD has been reported to be associated with the use of induction therapy, especially a use of mouse anti-CD3 monoclonal antibody (OKT3) [11, [30] [31] [32] , recent reports described no difference in an incidence of PTLD between induction and no induction group except OKT3 [1] . However, a recent single-center pediatric PTLD study showed that longer duration (and, hence, greater dose) of induction treatment significantly increases the risk of PTLD [33] . As many reports, primarily in pediatric liver transplantation, have shown an increase risk of PTLD developing in patients treated with Tac as the primary immunosuppressant drug as compared to CsA [34] [35] [36] [37] , an incidence risk of PTLD in children with Tac at discharge was significantly higher than that in children with CsA [1] . The use of MMF has not been associated with an increased risk of PTLD development [37] [38] [39] . The effect of the proliferation signal inhibitors (PSIs), sirolimus and EVL, on PTLD development is not yet clear [38, 39] . These drugs might be associated with reduced PTLD development because they display an inhibitory effect on PTLD derived cells in vitro and in vivo in an animal model [40, 41] .
Cytokine Gene Polymorphisms.
Cytokine gene polymorphisms may also influence the frequency of PTLD via cytokine production. Low interferon-production may increase the risk in liver and kidney transplanted patients [16, 42] .
Clinical Presentation of B-PTLD
As PTLD has a wide spectrum of disease manifestations, ranging from a benign plasmacytic hyperplasia and infectious mononucleosis-like PTLD to an aggressive monoclonal lymphoma, the clinical presentation of PTLD is highly variable and depends on the location of the disease. Often, it can present solely as tonsillar or adenoidal hypertrophy, as a single enlarged lymph node,or as an invasive mass in the abdomen, thorax, or anywhere that lymphoid tissue resides. It can affect nonlymphoid organs, including the allografts. The degree of disease also ranges from an isolated abnormal lymphadenopathy to fulminant systemic disease, often with comorbid infection. Fever (50%), malaise, lymphadenopathy (30%), and splenomegaly are common, and PTLD can masquerade as many different common childhood illnesses. When beginning in the tonsils and adenoids, the symptoms are of an exudative tonsillitis, upper respiratory infections, or infectious mononucleosis. Sometimes they show only noisy breathing, new onset of snoring, or changes in voice. Rapid growth of the tumor can lead to upper airway obstruction which sometimes requires tracheostomy. Most of pediatric transplant recipients have such otolaryngologic presentation [43, 44] associated with the early nondestructive form of PTLD with massive plasmacytic hyperplasia.
In a multi-institutional study [11] of 1184 pediatric primary HTx between 1993 and 2002 at 19 institutions in PHTS, in which early non-destructive lesions were excluded, 56 (5%) developed PTLD. Almost half of patients had a single site of disease (27 patients, 48%). The most common sites were gastrointestinal tract (22 patients, 39%) (as with the present case), lung or airways (14 patients, 25%), and cervical adenopathy (ten patients, 18%). Central nervous system disease occurred in only two patients (3.6%). Gastrointestinal ISRN Transplantation 5 symptoms included diarrhea in 11, vomiting in six, anorexia in three, and abdominal pain lower gastrointestinal bleeding each in one case.
An abdominal presentation may include pain, vomiting, nausea, diarrhea (sometimes bloody), weight loss, a palpable mass, or hepatosplenomegaly. In some patients, the initial presentation is intestinal obstruction or perforation (15%). Tai et al. [45] reported an increased risk of mortality in pediatric PTLD patients with abdominal involvement. In this series, eight patients had abdominal involvement; four required surgical interventions because of intussusception and bowel perforation ( = 1), bowel perforation ( = 2), or tumor debunking ( = 1). Four of the eight patients died from complications related to PTLD.
If the lung is involved, cough, chest pain, breathlessness, or simply a lower respiratory illness that does no clear may be presenting symptom. Central nervous system involvement is less frequent, as previously described [11] .
The most fulminant, and fortunately rarest form presents like acute infectious mononucleosis and progresses to a clinical picture resembling septic shock, with tumor involvement of all organs, multisystem organ failure, and disseminated intravascular coagulation [46, 47] . Sometimes, this presentation coincides with an allograft rejection episode, with fever, tachycardia, lethargy, and flu-like syndrome. The patient may have a gallop rhythm and enlarged liver. Caution is needed in the differential diagnosis of this form of PTLD as treatment with added immunosuppression could prove fatal.
The early peak of PTLD presentation occurs within the first month after HTx and is usually associated with primary EBV infection. On the other hand, late onset (longer than 2 years after HTx) PTLD usually is not related to pretransplant EBV status in the recipient, and many late tumors may actually be EBV negative [47] . Primary EBV infection possibly causes more severe disease than EBV reactivation. It was suggested that a high carrying load after HTx might be more important than implantation of an EBV-positive organ into an EBV naive recipient for predicting future PTLD [33] as with the present case. EBV reinfection (secondary primary infection) displays more aggressive disease than EBV reactivation in HSCT [48] . Bone marrow involvement may present with new onset or persistent reduction in white and red blood cell counts. Hemophagocytosis is occasionally observed in EBV-related T-PTLD [49, 50] as well as in B-PTLD [49, 51] . From these reasons, bone marrow biopsy is important to manage PTLD. Polymorphic PTLD may present with features overlapping early lesions and monomorphic PTLD. As a result of the variability of presentation, clinicians should have a suspicion of PTLD in any patient with a history of transplantation.
The use of rituximab in combination with chemotherapy has been reported to be effective. However, B-PTLDs are sometimes associated with life-threatening complications, such as intestinal perforation and cardiogenic shock probably due to cytokine/toxin release syndrome after chemotherapy combined with rituximab as with the present case.
Probability of Survival following PTLD Diagnosis.
In a previous PHTS study [11] , the probability of survival was 83% (72%-94%) at 6 months, 75% (63%-87%) at 1 year, and 68% (55%-81%) at 3 years after diagnosis. Most deaths occurred in the first 2 years after diagnosis with low risk of death beyond that time. By contrast with treatment of malignant lymphoma in the nontransplant setting, treatment of PTLD includes weaning of immunosuppression and the subsequent risk of rejection. Success, therefore, requires complete response of the disease as well as prevention of graft loss from acute and chronic rejection. For this reason, they also analyzed event-free survival, which was defined as probability of freedom from death, graft loss, or PTLD relapse. Relapse was included since it represents failure of first-line therapy and has generally been associated with poor outcomes [11] . Eventfree survival was 76% (64%-87%) at 6 months, 73% (61%-86%) at 1 year, 61% (46%-75%) at 3 years, and 56% (41%-72%) at 5 years after diagnosis. A 15% difference in eventfree survival at 3 years was noted between polymorphic and monomorphic diseases but was not significant ( = 0.235), and the confidence intervals for the survival estimates were very broad at this time because of the small numbers of patients (monomorphic disease 68% [8, , polymorphic disease 53% [8, ).
Risk factors for survival that were explored with univariate analyses were also evaluated in this study [11] . None were identified as being significant predictors of patient survival, including several variables that have previously been thought to affect PTLD outcomes. Examples include number of sites of disease (single versus multiple), use of intravenous immunoglobulin products, use of antiviral agents (aciclovir or ganciclovir), initial reduction of immunosuppression (discontinuation versus reduction), and histology (monomorphic versus polymorphic). In the small subgroup with monomorphic disease, patients receiving chemotherapy as first-line treatment had slightly better 2-year survival (75%, 95% CI 45-100) than those receiving reduced immunosuppression (57%, 21-94), but this trend was not significant ( = 0.329); the analysis comprised only 18 patients. The outcome for the monomorphic group did not differ between those with early onset disease (<3 years posttransplantation) and those with late-onset disease ( = 0.26) [11] .
Cause of Death after PTLD.
Allograft failure from rejection or transplant coronary arterial vasculopathy accounted for approximately one half of the mortality associated with a diagnosis of PTLD. Indeed, a multi-institutional study [11] showed that 16 of 56 pediatric patients suffering from PTLD after HTx, died (28%), mostly with progressive disease or from cardiac problems due to proven or presumed acute or chronic rejection after reduction of immunosuppression (seven from progressive PTLD, three from acute rejection, three from coronary artery disease, one from PTLD with acute rejection, one from PTLD with sudden death, and one from graft failure, unspecified). Therefore, close surveillance for rejection during and after treatment is essential, no matter what regimen is used to treat the PTLD [47] . 
Diagnosis
The timely and accurate diagnosis of PTLD is essential for early intervention. The diagnosis of PTLD should be based on histological examination of biopsy tissue [3, 52] . There is no separate staging system for PTLD and it is currently staged using the same system as non-Hodgkin lymphoma (NHL) in the normal population. Staging of the disease should include CT or magnetic resonance imaging (MRI) of the abdomen and thorax and bone marrow aspiration. Additional investigations should be performed as indicated, for example, CT scan or MRI of the cranium and spinal cord or further gastrointestinal imaging.
Staging of PTLD (The Ann Arbor Staging System: Table 1).
PTLD is currently staged using the same system as NHL and is categorized on the basis of tumor burden. The Ann Arbor Staging System is the most popular system for classifying NHL. The Ann Arbor Staging groups are as follows [8] .
After an NHL patient has been assigned a stage, this categorization may be refined by adding the biologic grade of the disease, that is, "low, " "intermediate, " or "high" grade. Other descriptive terms-such as "bulky" versus "nonbulky" disease and the presence or absence of B symptoms-may be used to fully describe a particular case of lymphoma.
Additional Designations (Applicable to Any of the Stages of Hodgkin Disease (HD) or NHL). They are as follows:
(i) A-absent (no) symptoms;
(ii) B-presence of any of the following B symptoms: fever, drenching night sweats, unexplained weight loss of 10% or more within the last 6 months, and severe itching;
(iii) E-involvement of a single extranodal (other than the lymph nodes) site that directly adjoins or is next to the known nodal group;
(iv) X-presence of "bulky" disease, that is, a nodal mass whose greatest dimension is more than 10 centimeters in size, and/or a widening of the mediastinum (middle chest) by more than one-third; An example is Stage 2BX, high-grade NHL = NHL in which the disease is limited to two lymph node groups on the same side of the diaphragm (e.g., neck, underarm); the lymphoma is high-grade, with bulky disease and the presence of B symptoms.
Monitoring of EBV Viral Loads and sIL2R
Level. Monitoring of EBV viral loads and sIL2R can be helpful for suspecting or predicting the development of PTLD in most cases, though not all cases. The presence of PTLD within the allograft itself may sometimes be mistaken for acute rejection and if there is diagnostic doubt, in situ hybridization for EBV encoded RNA, and PCR for VDJ heavy-chain rearrangements to determine clonality may be helpful [53, 54] . Pertinent blood tests include complete blood counts, serum LDH levels, blood levels of EBV viral loads, and serum levels of EBV antibodies. Monitoring of sIL2R is also useful to evaluate response to treatment as well as to evaluate disease extent as with the present case.
Contrast-Enhanced CT Scan and MRI.
Although chest X-ray can pick up pulmonary nodules, effusion, and hilar adenopathy, CT scanning is more accurate to find thoracic and abdominal pathologic changes. Staging is assessed using the same system as NHL in the normal population [55] . Staging of the disease should include CT scan or MRI of the abdomen and thorax and bone marrow aspiration study.
6.5.
67
Scintigraphy. High
67 Ga avidity is shown by diffuse large cell lymphomas including diffuse histiocytic lymphoma and poorly differentiated lymphocytic lymphoma [56] as with the present case. Similar 67 Ga avidity is shown by highgrade and intermediate-grade lymphomas including Burkitt's lymphoma. 67 Ga avidity in low-grade lymphomas seems to be low but this is currently under debate. For these reasons a 67 Ga scan is necessary before therapy in untreated patients in order to evaluate whether lymphoma is 67 Ga avid or not.
If the 67 Ga scan is negative, it should not be repeated. 67 Ga can be employed (a) for evaluation of response to treatment:
67 Ga scintigraphy accurately assesses tumor viability in the presence of post therapy residual disease detected by conventional radiological tools such as CT or MRI; (b) as a prognostic indicator in the prediction of outcome; (c) for evaluation of disease extent. The accuracy of 67 Ga scan is not superior to that of CT or MRI in staging lymphomas at presentation; however, it may be useful prior ISRN Transplantation 7 to therapy as a reference for treatment monitoring. 67 Ga is more effective in restaging because of the frequent presence of anatomical distortions/alterations following treatment.
6.6.
18 -FDG-PET/CT. Development of imaging techniques such as 18 F-FDG-PET/CT has resulted in increased diagnostic accuracy and allowed clinicians to distinguish primary malignant lesions from benign areas as with the present case.
18 F-FDG-PET has been reported to provide superior information on staging of NHL when compared with conventional CT scans. Graute et al. [57] reported that PET revealed the cause of nonspecific symptoms in 9 of 17 patients; there were 5 cases of lymphoproliferative disease (PTLD), 2 carcinomas, and 2 cases of infection. Thus, 18 F-FDG-PET and PET/CT in HTx recipients with non-specific unexplained symptoms may offer diagnostic stratification for malignancy and infections with a high sensitivity and modest diagnostic accuracy. However, PET scans are not infallible, because low-grade lymphomas may not be FDG avid, and PET cannot distinguish between tumor and chronic inflammation.
18 F-FDG-PET/CT has been reported to be useful for not only diagnosis of PTLD but also evaluation of response to treatment [58, 59] . It must be noted that PET cannot distinguish between tumor and chronic inflammation. PET using the tracer 18 F-FDG incorporates metabolic tumor function with anatomic localization. Tumor volumes by PET in lymphoma as well as solid tumors have been associated with clinical outcome in several studies [60] [61] [62] as with the present case.
Histological Examination of Biopsied Tissue.
Excision biopsy is preferable and needle biopsy should only be performed where excision of affected tissue in not practicable. Fine needle aspiration and cytology has little role. In situ hybridization with the EBER-1 probe [63] which labels EBVencoded RNA in infected cells is the most reliable histologic stain for the presence of EBV and its use is recommended in all cases of suspected EBV disease [52] . Analysis of EBV latent proteins such as EBNA2 and LMP1, which are expressed in type III latent immunoblasts of monomorphic PTLD with the exception of PTLD with plasmacytic differentiation [64] , is useful for identifying the type of latency. EBV-infected lymphocytes in early and polymorphic PTLDs represent a mixture of latencies II, III, and, in at least one-third of infected cells, latency 0 [65] .
Flow cytometric analysis of immunophenotypical markers is also useful to determine the type of cellular infiltrates and genetic evaluation for clonality of the tumor. Clonality can be assessed using immunoglobulin heavy chain gene rearrangement and EBV termini assays [64] . Monoclonality of B-cell and T-cell lesions can be determined by flow cytometric analysis, when immunoglobulin light chain ( or ) restriction or loss of surface or cytoplasmic immunoglobulin and abnormal T-cell antigen expression or loss is identified, respectively [53] . Association between clonality and prognosis is controversial. A study of pediatric PTLD after solid organ transplantation reported that monoclonality did not imply poor prognosis [54] . For purposes of staging distant involvement, a bone marrow biopsy and lumbar puncture should be also performed. Table 2) . PTLD is a unifying name for several benign and malignant lymphoproliferative lesions. Due to their frequence and poor prognosis, an emphasis is given to lymphomas; nevertheless, PTLD is not a synonym for posttransplantation lymphoma. The previous, widely used WHO classification of PTLD was modified in 2008 (the current WHO classification can be seen in Table 1 ) [66] [67] [68] . Differences between the previous and the new WHO classification are few. There are two important changes: (1) [69] . The four subtypes of PTLD can be characterized as follows.
Histopathological Classification of PTLD (
(I) Early Lesions. Two histological patterns are described: (1) [69, 70] .
(II) Polymorphic PTLD. Histology shows effacement of underlying tissue architecture and a mixed infiltrate with small and medium-sized lymphocytes, immunoblasts, and plasma cells. High mitotic rate and atypical lymphoid cells may be observed. Early lesions and polymorphic PTLD are specific for transplanted patients. They mostly occur in childhood and are usually related to primary EBV infection. The other types of PTLD (see later) can also be diagnosed in immunocompetent individuals [16, 69, 70] .
(III) Monomorphic PTLD. B-cell PTLD is the most common form of PTLD.
Histology shows the destruction of underlying tissue architecture and malignant cytological features. There are four main categories. Diffuse largeB-cell lymphoma shows immunoblastic, centroblastic, or pleomorphic morphology. Burkitt lymphoma shows monomorphic cells with prominent apoptosis. Plasma cell myeloma and plasmocytomalike lesions contain sheets of mature plasma cells. The Tcell PTLD group includes T/Natural killer (NK)-cell lesions. Histology shows a wide range of morphological appearances depending upon the type of T-cell lymphoma [16, 69, 70] .
(IV) Classical Hodgkin Lymphoma-Type PTLD. This rare form of PTLD shows the histology of Hodgkin lymphoma in immunocompetent patients.
The mixed cellularity form is most frequent [69, 70] . PTLD is almost always of recipient origin following solid organ transplantation, whereas it may be donor-derived following hematopoietic stem cell transplantation. In Europe and in the USA approximately 85% of PTLDs are of B-cell origin, 80% of which is associated with EBV. The proportion of T-cell PTLD is 10%-15%; however, it may be as high as 40% in the Far East, due to the presence of human T-cell leukemia virus (HTLV-1). NK cell derived forms are extremely rare [10, 71] .
Basic Treatment of PTLD
The treatment of PTLD is a complex task requiring special considerations. Therapeutic design requires the cooperation of an oncohematologist with experience in lymphoma therapy, a transplant specialist with experience in immunosuppression, and an infectionologist. Therapeutic decisions must be based on multiple factors: Ann Arbor staging and WHO classification [8] , EBV status, patient performance, the transplanted organ, and the drugs used for immunosuppressive therapy. The transplanted organ and the lymphoproliferative disease must be both considered when establishing a therapeutic plan. In the case of crucial organs (liver, lung, and heart)-where the impairment of the transplanted organ can determine the fate of the patient-the protection of the graft is of utmost importance. Therefore, PTLD therapy must be planned individually.
Reduction in Immunosuppression with Frequent Echocardiography.
The initial treatment in all patients with PTLD is to reduce immunosuppression in the hope that this will increase antitumor activity of cytotoxic T lymphocytes (CTLs) [3] . When patients are to receive chemotherapy, reduction in immunosuppression is a necessary component of treatment to minimize neutropenic sepsis. In EBV-driven PTLD, reducing immunosuppression allows host CTL function to be at least partially restored, hopefully resulting in an increase of EBV-specific CTLs and elimination of virally infected lymphocytes, including those which constitute the tumor.
As HTx recipients had a life-supporting graft, it is impossible to discontinue all immunosuppressive drugs. At first, any calcineurin inhibitor (CNI), such as Tac or CsA, is typically decreased over 4-6 weeks to a low level (around 50%-75% of the normal therapeutic level) depending on the extent of disease, while the patient is observed closely for regression of tumor and also, equally importantly, for allograft rejection. A response to reduction in immunosuppression is usually seen within 2-4 weeks [52] . Reduction in immunosuppression alone leads to long-term disease remission in 40%-86% of cases of PTLD in pediatric transplant recipients [72] [73] [74] . This treatment can succeed in early lesion or polymorphic PTLD but is less successful in monomorphic types.
In a previous PHTS study, of the 31 patients with polymorphic disease treated with reduced immunosuppression as first-line therapy, 19 (61%) developed rebound acute cellular rejection during the first 6 months after diagnosis of PTLD [11] . Median time to rebound rejection was 5 weeks (range 1-22 weeks). The diagnosis of acute rejection was confirmed by endomyocardial biopsy in all but three cases. Rebound rejection was slightly more common when immunosuppression was initially discontinued (ten of 14 cases, 71%) rather than lowered (nine of 17, 53%), but this difference was not significant ( = 0.29). When all patients were included in the analysis (irrespective of histology), rebound rejection was more common if reduction or cessation of immunosuppression was used as first-line therapy (24 of 40, 60%), compared with chemotherapy (five of 16, 31%; = 0.032). In the same cohort, chronic rejection (post-transplant coronary artery disease) developed in ten patients after the diagnosis of PTLD, and two underwent retransplantation for this indication. PTLD did not recur after retransplantation [11] .
As minimization of immunosuppression often causes allograft rejection, careful observation on allograft function is required. As it was reported that echocardiography was useful to diagnose cardiac allograft rejection in children [75] and an invasive examination such as endomyocardial biopsy is not favorable in patients with PTLD especially treated with EVL, frequent (once or twice weekly) echocardiography is recommended to monitor allograft rejection during treatment of PTLD, especially associated with life-threatening complication. If echocardiography showed signs of allograft rejection, such as an increase in LV wall thickness, mitral regurgitation, or pericardial effusion, a dose of immunosuppressive drugs should be increased or immunosuppressive regimen should be changed.
After complete remission of the PTLD is achieved, the patient still requires immunosuppression to prevent the cardiac allograft. A narrow therapeutic window must be maintained to prevent allograft rejection and to prevent relapse of PTLD. As previously described, allograft failure from rejection and transplant coronary arterial vasculopathy accounted almost half of the mortality in patients with PTLD. The PSIs have both immunosuppressive and antiproliferative effects. Their activity is exerted through inhibition of the mammalian target of rapamycin (mTOR), such as sirolimus and EVL, resulting in inhibition of growth factor induced proliferation of lymphocytes, as well as other hematopoietic and nonhematopoietic cells of mesenchymal origin. They have also been reported to inhibit the growth of EBVtransformed B lymphocyte in vitro and in vivo [40, 41, 76] . mTOR-signaling pathways have been documented to be constitutively activated by lesional cells in PTLD [77] . PSIs might therefore be promising agents for preventing rejection and PTLD development [78] . CNI minimization with PSIs or conversion from CNIs to PSIs is currently being trialed, with the additional possibility of renal function preservation [79, 80] . The use of PSIs has been reported in association with pediatric PTLD [81, 82] . Further studies are needed for evaluation of the efficacy of PCIs. However, as with present case, PTLD also developed in children treated with EVL and further study should be needed.
Chemotherapy and Rituximab.
Chemotherapy is commonly used when the reduction in immunosuppression fails to control the disease and as an initial therapy for aggressive, monoclonal PTLD, often late-onset PTLD. The most widely used cytostatic combination is CHOP (cyclophosphamide, adriamycin, vincristine, and prednisone) [17, 83, 84] . Chemotherapy can, however, cause severe toxic and septic complications, increasing lethality. Therefore, chemotherapy is often combined with hematopoietic growth factors to reduce neutropenic sepsis. Low dose chemotherapy may decrease the occurrence of toxic complications but will lead to a higher relapse rate [46] .
The PHTS study showed lower rejection rates when chemotherapy was used as primary therapy [11] . In the subgroup with monomorphic disease, patients receiving chemotherapy as first-line therapy had slightly better 2-year survival (75%) than those receiving reduced immunosuppression (57%). Of the patients with polymorphic PTLD treated with reduced immunosuppression as first-line therapy, 61% developed rebound acute cellular rejection during the first 6 months after diagnosis of PTLD. A fine balance between management of PTLD and preserving allograft from rejection is therefore highly important.
Rituximab is a chimeric mouse/human monoclonal antibody that binds to the CD20 antigen on the surface of most normal and malignant B cells and can induce lysis of CD20 antigen-positive cells. Therefore, the use of monoclonal antibodies against CD20 antigen is a logical therapeutic approach against B-PTLD. In one series of pediatric transplant recipients with PTLD, 11 of 13 children had complete resolution of the disease after administration of 1-4 doses of rituximab (375 mg/m 2 per dose) alone [85] . Remission rates with the use of rituximab, some with concomitant reduction in immunosuppression, have been reported as 44%-87% [86] [87] [88] .
Rituximab has been widely used for treatment of B-cell lymphoma as an adjunct to chemotherapy in non-transplant populations and reported to be effective compared to treatment with standard chemotherapy alone [89] [90] [91] [92] . Rituximab may allow lowering of chemotherapy doses in attempt to reduce toxicity, particularly in pediatric patients [85] . A large retrospective study by Elstrom et al. [84] reported the efficacy of CHOP chemotherapy with or without rituximab. In this study, 23 patients received chemotherapy (CHOP, = 10; rituximab plus CHOP (R-CHOP), = 9; other regimens, = 4) with an overall response rate of 74%. Currently, rituximab plus combination chemotherapy, such as R-CHOP, may be a more suitable option for the treatment of PTLD because of concurrently maintaining immunosuppression for allograft protection. However, caution is needed regarding the toxicity of combination chemotherapy [84] . In a study of six pediatric transplant recipients with PTLD who were treated with rituximab and reduced dose chemotherapy, five showed a complete response with only limited toxicity [93] . In pediatric transplant recipients treated with low-dose chemotherapy, consisting of cyclophosphamide and PRD, 67% failurefree survival (without PTLD and with functioning original allograft) after failure with front-line therapy was achieved [46] . It may be effective by simultaneously controlling PTLD, preventing or treating allograft rejection, and minimizing treatment-related mortality. Long-term follow-up studies, however, are needed for full evaluation of the use of rituximab because it does not restore the CTL activity essential for longterm EBV control and relapse may therefore be a problem.
Despite these treatments, the overall lethality of PTLD after solid organ transplantation is around 50% [3] . Different types of PTLD respond differently to treatment, and their prognosis is variable. The prognosis of early PTLD is better, whereas that of late forms is poor. Also, 40%-50% of kidney and heart transplanted patients with high grade lymphomas die in the first year; 5-year patient survival is around 30% for high-grade lymphomas. The prognosis of EBV-negative lymphomas is worse [17, 18] .
Life-Threatening Complications
Associated with Chemotherapy Combined with Rituximab
Gastrointestinal Perforation.
Gastrointestinal involvement is one of the important determinants of the subsequent clinical course of lymphoma as with the present case and has a high mortality rate as described by Tai et al. [45] . Free gastrointestinal perforation is a potentially lethal complication of PTLD as well as NHL (as with the present case). The perforation can occur at any point in the gastrointestinal tract including the stomach, jejunum, ileum, and colon. Intestinal perforation due to intestinal lymphoma has been reported by many observers [94, 95] as well as PTLD [4, 45, 96] as with the present case.
In the last decade, rituximab has been used for the treatment of PTLD with promising results and significant reduction in toxicity and treatment-associated mortality when compared with chemotherapy [3] . However, the use of this recombinant chimeric anti-CD20 monoclonal antibody has been associated with spontaneous gastrointestinal perforation [4, [97] [98] [99] [100] . In 2006, a warning was sent out by Roche Pharmaceuticals about the risk of intestinal perforation with rituximab. The company identified 37 cases of gastrointestinal perforations based on approximately 730,000 cumulative patient exposures, resulting in 4 fatalities. In addition, a pooled analysis of clinical trials in patients with non-Hodgkin lymphoma revealed a higher frequency of gastrointestinal perforation with rituximab and chemotherapy versus chemotherapy alone (0.38% and 0.15%, resp.) [101, 102] . Rituximab attacks the CD20 receptors causing lysis of the tumor cells. Postulated mechanisms of the tumoricidal activity of rituximab include complement-dependent cytotoxicity, antibody-dependent cell-mediated cytotoxicity and induction of apoptosis [103] . The first report of intestinal perforation after rituximab infusion in a patient with PTLD was by Kollmar et al. [4] . He suggested that the aggressive tumor lysis response may be related to the high CD20 expression of PTLD tumors. Nevertheless, in some cases [98] the tumor cells stained weakly positive for CD20 showing that the response to rituximab in relation with the degree of expression of this marker is not an accurate predictor of response.
As reported in previous studies free intestinal perforations due to NHL may occur both spontaneously and after chemotherapy as with the present case. Systemic administration of chemotherapy may increase the possibility of perforation if gastrointestinal involvement is present. When lymphoma invades the gastrointestinal tract and is treated with effective chemotherapy, tumor necrosis with perforation is the potential complication [93] . This complication has been reported especially in elderly patients with gastrointestinal manifestations of PTLD, multiple sites of involvement and advanced disease [4, 97, 98] . The prognosis in patients with advanced disease is poor [104] ; however, in the setting of localized disease the treatment of PTLD may result in involution of gastrointestinal lesions.
Diagnosis is often delayed because steroids often mute symptoms. Small bowel and colon perforations may go unrecognized until the development of acute abdomen. In these cases the presence of free fluid on ultrasonography may be due to intestinal perforation despite normal plain abdominal X-ray findings. Therefore early diagnosis and treatment are important to improve the prognosis of bowel perforation in patients with PTLD as well as NHL.
Surgical treatment for small intestinal and colon lymphoma for localized lesions is resection of the affected segment and mesentery and primary anastomosis. For synchronous lymphoma, curative resection may not be performed effectively. In the treatment of a high-grade intestinal NHL, a multimodality approach is superior to surgery or chemotherapy alone. Perforated intestinal lymphomas usually are of a higher stage and have a poor prognosis. It was reported that surgery for perforated intestinal lymphomas had high mortality due to sepsis and high reoperation rate [94, 95] . Therefore, in transplant patients who require immunosuppressive drugs, especially in patients treated with PSIs which prevent wound healing, jejunostomy or colostomy should be made as with the present case.
Although data regarding PTLD risk with use of anti-IL2R antibodies (basiliximab and daclizumab) have shown conflicting results, thymoglobulin was reported to be associated with a significantly increased risk of PTLD after renal transplantation, but alemtuzumab, basiliximab, and daclizumab, which trended toward a protective effect, were not [105] . And rabbit or horse anti-thymocyte globuline (ATG) cannot be used repeatedly. Therefore, anti-IL2R antibody is useful to withdraw or minimize other immunosuppressive drugs for about 10 days after surgery until infectious peritonitis due to gastrointestinal perforation is cured or until the patient can take oral medicine as with the present case. If the patients cannot take oral medicine for a long time after surgery, intravenous CNI infusion with relative high dose PRD is given to protect the allograft as with the present case. As additional chemotherapy after a surgery may have a risk for a leakage and another intestinal perforation, the stoma should be took down after a few courses of chemotherapy are finished and tumor burden is decreased. PSIs can be started a few weeks after giving a few courses of chemotherapy as with the present case or taking down the stoma (unpublished adult case).
Cardiac Graft Dysfunction Associated with
Chemotherapy and Rituximab. Cardiac dysfunctions associated with chemotherapy and rituximab were also reported by many investigators, as well as PTLDs in cardiac allograft which are rare but have a high mortality rate [104] as with the present case.
Firstly, several drugs for chemotherapy have cardiac toxicity to lead ventricular dysfunction and DCM. Therefore, in HTx patients with PTLD, a reduced dose of such drugs is recommended and rituximab is useful to reduce a dose of such drugs [106] [107] [108] .
Secondly, systemic inflammatory response syndrome (SIRS) associated with cytokine release syndrome (CRS) and disseminated intravascular coagulation occurring within 24 hour of administering rituximab have rarely been reported in the literature [87, [108] [109] [110] [111] [112] . The pathophysiology of this reaction is attributed to release of cytokines generally after the first administration of rituximab. If uncontrolled, this can lead to SIRS. It carries a very high morbidity and case fatality rate. Cases of CRS reported within the literature are of patients with a very high tumor burden leading to a catastrophic cascade of events. CRS is characterized by an increase of inflammatory cytokines such as IFN-, IL-8, and TNF-occurring about 90 min after the first infusion [109] . In severe cases of CRS after rituximab, a 5 to 10-fold increase in liver enzymes, elevation of D-dimer, LDH, and prolongation of prothombin time are also commonly observed [110] . Although this is based on case reports and causality is not established, it seems that fatal CRS/SIRS appear to occur in patients with a very high tumor burden, as noted in the present case as well. Caution needs to be exercised specifically in this subset of patients. For example, if patients develop similar but less severe reactions, a reduced dose and/or pre-treatment prior to rituximab infusions may be used to reduce the number and severity of reactions with subsequent doses [111] .
Thirdly, cytokine or toxin release from the apoptotic tumor cells and a higher tumor burden as well as intestinal perforation may lead to left ventricular dysfunction [110] . Cytokine release from the rapid tumor lysis by chemotherapy and rituximab and a higher tumor burden may develop CRS to SIRS resulting in cardiac dysfunction. The rapid turnover of tumor cells in such cases may add markedly to the cytokine milieu leading to a catastrophic cascade of events [111] .
Although to the best of our knowledge there has been no report of plasma exchange (PE) in patients with late CRS after treatment of rituximab and chemotherapy, PE seemed to be useful to reduce serum cytokine and toxin and to restore cardiac function as with the present case. Millivard et al. reported a case with cardiogenic shock complicated successful treatment of refractory thrombotic thrombocytopenia purpura with rituximab [113] . In this case, PE improved cardiac function. Although the effect of PE on Chronic active EBV infection (CAEBV) has not been discussed up to date, Arai et al. reported a case in whom PE decreased the levels of cytokines and had effects on hemophagocytotic syndrome as well as on chronic active EBV infection. These results also indicated that depletion of cytokines was effective for control of the disease [114] . PE has been reported to be effective to save patients with an associated respiratory failure and hemodynamic shock due to pH1N1 influenza [115] . In patients with cardiac allograft dysfunction after chemotherapy and rituximab, PE seemed to be effective to save patient if there is no evidence of acute allograft rejection.
Conclusion
PTLD remains a serious complication after pediatric HTx, resulting from immunosuppression for prevention of allograft rejection. Most cases are EBV related B-cell tumors. Primary EBV infection is highly associated with the development of PTLD in younger children. Treatment strategy is based on the reduction of immunosuppression, rituximab, or chemotherapy depending on the type of PTLD. As minimization of immunosuppression often causes death from allograft loss, frequent observation of the cardiac graft by echocardiography during treatment is needed. Finally, as characteristics of each children with B-PTLD are different from those of others, individual strategy might be required to manage PTLD, and good collaboration with pediatric cardiac transplant physician and surgeon, hematologist, gastrointestinal surgeons, pathologist, infection control team, and radiologist is essential to diagnose and treat pediatric patients suffering from PTLD, especially in patients associated with life-threatening complications.
